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ST~ IM_ 10515

INITIAL RADIUS OF AN IONIZED METEOR WAKE

Geomagnetizm { Aeronomiya by V. N, Lebedinets,
Tom 6, No. 4, 713 -~ 716, Yu, I, Portnyagin
Izdatel'stvo “NAUKA", 1966

SUMMARY

Taking into account the dependence of the effective diffusion cross section
of meteoric atoms in the atmosphere on meteor velocity, the initial radius of an
fonized meteor wake is computed, Inasmuch as the initial widening of the wake
takes place mainly at the expense of the first few path lengths of vanorized nar-
ticles, the initial contribution to the initial radius of individual paths is
considered, The obtained values of the initial radius Rj satisfy the condition
093 ls < Ru < 1,5 1! where [, is the length of the free path of vaporized particles
for a given velocity of meteors., The computed values of the initlal radius are
in good agreement with the results of radar measurements of the initial radius
conducted in Khar'kov, Kiyev and Jodrell Bank.

*
%* *

As 1s shown in [1—3], the most important factor determining the observability
of radiometeors is the initial radius of lonized meteor wakes,

Inasmuch as the velocity of atoms vaporizing from the surface of the meteor
body is much less than the thermal velocity of atmospheric molecules vr , @ raoid
initial widening of the meteor wake takes place pnrior to the establishment of
equlilibrium with the surrounding medium. The value of the initial radius rg of
fonlzed meteor wakes was first appraised in [4]ﬂvhere a series of assumptions were
however made: it was not taken into account of the effective diffusion cross sec.-
tion's dependence Qd on velocity of particles, and the quantity Qq was taken
same as for gas.kinetic comditions; |t was also assumed that onrior to the establish.
ment of thermal equilibrium, each of the vaporized particles undergoes a very large
number of collisions. In subsequent works [2,5] the computation of ry was per-
formed taking into account the devendence of Q4 on velocity. The quantity Q
was borrowed from (6], However, the assumption of a very large number of collisions
was maintained, just as in'[4],

, Before the velocity of a vaporized partcle is lowered to the thermal velocity,
it undergoes, as an average, some 10 to 15 collisions., Taking into account the
dependence of Qg on the relatlive velocity v of colliding particles, the succes.
sive free path lengths of meteoric atoms and lons drop fast, This is why the
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initial contribution to wake's initial radius is made by the first few paths,
Therefore, the assumption accepted in preceding works about the large number
of collisions prior to the establishment of thermal equilibriun is not corro.
borated,

Assume that the velocity vp of a meteor body is directed along the axis Z
(Fig. 1), The particles vaporizing from the meteor body's surface escape from
it with velocities substantially lower than vy . This is why the vaporized par.
ticles form a feebly diverging beam relative to the axis Z. Inasmuch as vo> Us,
the atmosphere molecules may be considered as immobile. The direction of particle
motion after collision is characterized by the deviation angle from the direction
along which the particle moved prior to collision (8) and the azimuth ¢. The
mean value of O depends on the mass ratio of colliding particles. All the values
of ¢ are equally probable and this is why after collision the particle will move
along one of the generatrices of the cone
with an aperture angle equalling 26 and the
axis directed along the velocity of the particle
before collision. The value of the generatrix is
equal to the lengri* [ of the free nath, which is
dependent on velocity,

Fig, 3

After the first collision the particle will drift away in a direction perpen.-
dicular to the axis of the wake to a distance zy =1l = /;sin§, after the second
and the third collisions respectively to distances zj and‘zz, For the determi.
nation of the latter we shall consider the projections [ [/, é' of cones' L, L, Iy
generatrices along which the particle moved after the first, second and third
collisions (Fig,2) on the plane L, perpendicular to the axis of the wake.

In Fig., 2 the angles i and 0z are determined by azimuthal angles .9, and o

Fron the triangles abc and cfd we find

222 = 242 4 1,2 — 2240’ cos Y1y Y= t— G4, (1)
28 = 22 4 Ut — 2l cosy,  Va=a+Pi— 01— )
W4 M re Ae! r

sin Py = ——, €080y = 75— sin a, =5
2

cos By =

]

2q 2 2

3)




In order to express the quantities entering into Eqs, (1)-(3) by I, I3 ls,
and 9, let us consider the cross section of the cone by a plane passing throuzh
its axis and perpendicular to the plane L, Such a cross section for the second
cone is represented in Fig. 3, Here hy is the height of the cone, R 1is the
radius of the base; ll is the projection of {1 on the cross section plane; h2'
is the projection of h2 on the plane L* From Figs 2 and 3 it is easy to obtaln

hy = Il cos 0sin0, P2’ == 1. sin 0 cos ¢y cos 0,
Ao’ = ha' + p2f = L sin 0 cos B(1 +cos @y),
ro' == I, sin 0 sin @y, I’ == siny Ofsin? ¢; + cos? 01 - cos @1) ). (4)

Analogous constructions may be performed for the third cone.

Having denoted
the respective values by the index 3, we obtain

e 13 sin 0 cos? 6(1 - cos @4) , lssin 0 cos @z (cos? @ — sin? 0 cos ¢,)
s = y Py = ’
Ycos? 0 + sin? 0 cos? ¢ Ycos? 8 4 sin? 0 cos? ¢,

rs’ = Iy sin 0 sin @3,
. c08? 0(1 -+ cos @;)+ cos p2(cos? 8 — sin? @ cos @)
Ay = L,, smB[ — ],

Ycos? 8 + sin2 0 co'sz Py

2 20 — gin2
) = l,’~sin’6{ sin? ga -+ [cos? 8(1 4 cos @) + cos p2(cos2 0 — sin? O cos qn)]’_} ©)
! cos? 0 4 sin? 9.(:932 (Y
With the help of (1), (3) and (4) we find
23 = 42 sin? O 4 1,2 sin? O[sin? @1 + cos*0(1 + cos 1) ?) + 2/, sin? B cos § (1 + cos ¢y). {6)
Averaging by ¥, we obtain .
Z:* = ;% sin? 0 + 1,2 sin? 0 —(1 + 3.00s* 0) + 2La sin? cos 6. o)

For the computation of Eg by formula (2) it remains to determine and average

by azimuths the second and third terms of this formula, With the aid of (3) and
(5) it is easy to show that

2
— 22,14 cos Yz = _l_; {M' [M/(ll' + Az’)‘f‘ rzlz] —ry ["z'(lg' 4 ;‘2')_.. A,'r,']}. (8)
2

Inasmuch as 7 =Ilssinfsing, =0, averaging (8) by ¥ we obtain

. 2
—— 22213’ cos vz = l_,'(A'SI}'?’ll’ + LS"AZ” + Kalralz). (g)
2 .

We shall compute each of the terms in the right.hand of (9) seoarately

As'A1y’ 1 . 4 .
LY T 42 S ‘pﬂS dg2 X
- -%

xl,l, sin? 0 cos (1 4 c08 @s){cos? 8(1 + cos ¢1)+ cos @2 (cos? § — sin? 0 cos py)]

Y (cos? 8 + sin? 0 cos? ¢, )[sin? ¢y + cos? O(1 + cos @,)?)

lily8in2 B cos® O
=————— (h+2hL+1y), (10)
a3

* the same goes for f;.



where P § cosh @ de,
A = %
£ Ya1cost @1 + az cos® @y + a5 cos* @5 + 4, cos Py + ay
Here a; = —sint 01 a; == 2 cos? 0 sin? e' a; == sin? e’ a; = 2 cost e,

as = cos? 0(1 4 cos? 0),

I
T ) 9 dex

7( I31s sin? 0 [c0s? 8(1 + cos @)+ cos py(cost 6 — sin? 6 cos ©1}] cos? 8) 4+ cos? ¢,)

¥ (cos? § +- sin? 6 cos? @,)[sin? ¢y + cos? 8(1 4 cus 1) ]

LIy sin? B cost O

= om (11+3I,+51,+I‘)

Aty 1 o &
= ) 4§ dex
2 —n -

Ixl5 sin? O sin® ¢, [cos? O (1 - cos @) 4 cos @z (cos? 6 — sin? O cos ¢4)]

¥ (cos? 6 4 sin? 0 cos? @;){sin? @y + c0s? 0 (1 - cos p4)?]

1
— 2—_1213 sin? 0 cos? O (Iy + I, — Is —I,).
n

Substituting (10), (12) and (13) into (9), we shall obtain

1
— 22,15’ cos y2 = — Iy 8in? 0 cos? O [(ly c0s 6 + lacos* 0+ L)1 +
11 B
+ (221 008 0 + 31z cos? 8 + 1) I3 + (4 €08 8 + B3 08?8 — 1) s +(la cos? 6 — L)1}

The mean value of the third term in formula (2) is

»

13.’.’»-—- -—4—,‘—— ( dwg S d(pzlgz sin* 0 { sin? P2 +

- -3t

+ [cos? B(1 + cos @1) + cos @z (cos? O — sin? O cos p1)]? } _
cos? 0 + sin? 0 cos? @y -

2
=lazsin20[ + cos’B-l—(ctg’O oos’G-i—-L—)(i—cose)]

Taking into account (7), (14) and (15) we shall finally obtain

l 20
“2_9‘“29{112-*-—12"(1+300520)+2l,lzcose+ 3 CO8! %

X [ (1 cos 6 + Iz cos? 0 -+ i) Iy + (21 cos 6 + 3l cos? 0 + lz)lz +
+ (11 cos 8 + 3z cos? @ — lz) Is + (lz cos? 0 — L)L ]+

+ lﬁ[%—}-—i—cosze-}- (ctg%——cos?ﬁ-l—é—sin’ﬁ) (1—0059)]} .

(¢8)

(12)

(13)

18

(15)

(16)



By substituting cose¢=x the integrals Iy entering into formula (.16)
will be brought to integrals of the form

A :
S fr(z)dz/Y1 — 22, (17)

Inasmuch as the integrand in (17) has a peculiarity for x= +1, we uti.
l1i2ed for the numerical integration the Gauss-Mahler formula, not including the
values of the function at interval ends,

In case of equality of colliding particle masses the mean value is cos0 =23
(see [4]). The velocity of the vaporized particle after X collisions is, as an

average [4
[ ] Ux = Vg 06X (—a”)v (18)

and for equal masses of particles <= 0,4,

At meteor velocitles for vartfous pairs of colliding particles the quantity
Qq 1is computed in the works |[6—8], The obtained dependence of Qd on velocity
may be approximated by formula

Qa=2C/v, (19)

where C 1s a constant. For collisions of typical meteor atoms with atmosphere’
molecules [8] C & 1,7-10-? cu3/ sec. As pointed out in [6—8), the effective diffu.
sion cross section of ions for meteor velocities differs little from that for
neutral particles, Then the free path length dependence on veloclty will have
the form

Here n 1is the number of atmosphere molecules per volume unit., From (16) -
(18) and (20) we find 75 = 0,93 [, where .l 1is the length of the free path to the
first collision. Obviously, the value of wake's radius for »>3 will be some.
what greater than z3 . Thus the quantity 2z3 may be taken as the minimum estimate
of wake's initial radius rpj, . To obtain the maximum estimate rpax we shall
add to Z3 the sum of all the remaining paths prior to settlement of thermal
equilibrium with the atmosphere. With the help of formulas (18) and (20) we shall
obtain Tmay= 1,0l Therefore, the real value of the initial radius is comprised
within the limits o
: 0,93 b < ro << 1,54, (21)

From radar measurements of the initial radius of ionized meteor wakes by the
method of parallel meteor observations in two wavelengths it was found [2], that
for meteor velocity vg = 32 km/sec at 95km altitude, the mean value is r; = 0,8m,
From (20) and for vy == 32 km/sec we obtain lo-O.(mm (the density of the atmo.
sphere was borrowed from [10]). Then (21) takes the form: 0,60 <<ro<<0,96 .  Accord.
ing to data of [9] for v = 41 km/sec at 96 km, the mean vciue is 1, = 1.0 m,
According to (21) we find in this case 097 <<r, <<1,57 x. Finally, according to [1]
a feeble dependence of 1y on the height (ro ~ L") hes been obtained alongside
with cthe total absence of dependence on velocity, ns is shown in [11], such
results are explained by imperfection of measurement methods, According to that
work, among the values obtained in [I], the most confidence is deserved by the
value ry= 1,55 m, related to the altitude of 101 km, Admitting that the mean
value is vy = 40 km/sec, we shall obtain 1,6 < ro << 2,6 m.~

v THE END sesesex
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